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Abstract

The ability ta minimize the pointing and focusing errors at the focal plane is crucial
in many applications Invo!vlng Infrared laser systems. This is particularly the case for
systems Involvlng multlple beams reaching the focal plane, as in tha case of the LASL C02 -
laser fusion systems. For example, tho LASL Hellos CO Laser Fusion System has eight 34-cm

$diameter beams e-ch with an f number of approximately .4 coming to focus, the last element
being an off-aperture parabola with a focal length of approximately 77.3 cm. The design
tolerance for polntlng accuracy Is + 25 microns and for focusing accuracy Is : 50 microns
for the Helios system. The Smartt Tnterferomcter shows promisa of not only evaluating the
OptlCal qUallty of the beam, but ft can be used to ali n the beam to the tolerance levels
stated above. 1This paper describes the procedure, as we 1 as @XP@riM@ntal results obtained,
which show that painting accuracies of ~12.5 microns and focusing accuracies of 225 microns
are obtained at the focus of a C02 laser beam in a satun which duplicates the target region
of the Helios C02 Laser Fusion System. The backlash in the x-y-z stage micrometer used in
the experiment is estimatsd to bd 10 microns, though precautions wer~ taken to move in the
same direction throughout an experimental run.

Introduction

The necessity to be at the proper focal plane 1s essential for both imaging (whert the
contrast and hence ?aodulation transfer function properties corn: into play) and focusing
(where the Str@hl ratio, encircled energy and Irradiance dlstrlbutlons play a key role) ap-
plications for optical devices crtatlng a r~al focus at the image plane. This becomes even
more necessary when multiple beam systems are invo?ved. [n complex systems like the C02
laser fusion systems, it would be very helpful, If in addltlon to locating th~ proper target
plane, tne aptical properties of the beam can also be ~etermlned at the same time at that
plane. [nterferometry using the Smartt Interferometer appears to prsvlde a scheme for
achieving both of these objectives stated above. The experimental setup, the alignment and
the evaluation procedures, as WO1l as the results obtained using this method are described
in tho pap@r.

The Infrared $martt [nterfarometor

The Smartt Interferometer is a common path inte ferometar,
{

conceivad and developed by
R. H. Smartt and disclosed jointly with J. Strong.lt 7he ~nfrared version is schematically
shown in Flgurs 1. Collimated light from an Infrared laser is brought to fo:us by the lens
under test, and the $wartt plate which is at the focus :reates a refsrence wave in addition
to the beam under test. The vldlcon lens reimages the pupil (which contains the resulting
interference pattarn) onto a pyroelectric vidicon, yielding a video siqnal that is diSpldy@d
on a video monitor. The Smartt plate Is mounted on x-y-z stage so that tilt and defocus
can be easily introduced. Basically, it 1s a two-beam interferometer in which the reference
beam 1s generated by the diffraction from a small pinhole in the Smartt plate (Figure 1) at
tho focus of the helm under test. The plate, ideally does not introduce any aberrations of
tts own, and by some kind of coating or doping of the silicon, (which has be~n the matarial
for the plate for the two kinds of Smartt platas producsd so far), the transmission of the
tast baam is adjusted for maximum fringe contrast. The two beams tnterfare dnd yield
fringes of constant optical path difference, similar to those obtained with a Twyman-Green
interferometer.

The infrared Smartt intarfarometar was first described by J. C. My.snt et al.3D4~5 These
papers give ‘n excallent description cf the various theoretical and Oract?cal aypscts of
building and using a Smartt [interferometer, The Smartt plata described by them used a thin
silicon wafsr with a gold, semi-transparent 200 A-thick gold coating with a transmittance of
.002, and the pinhola diametar was 65 microns.

The Smartt plata u$ad in the I.OS Alamos experiments hds a 40 microns dlMMtar hole in d
11 microns ;hick silicon wafer, The proceSS for ~et:in~ ~~~ ‘Jeve loped by ~.idte uses 3 curr~nt limiting
Slactrnetch based on a techniatie described by Meeks Hammond and
A. Gibbs ef th~ LOS Alamos Scientific Laboratory. tie hope to d@SCrihe this taC!InlqU~ in d
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future pap-r In greater dstail. Flgurc 2 shows a photograph of tht infridrad Saartt Inter- .
fcrometer used at Los Alamos.

Use Qf the Smartt Interferometer as an Aliqnment Tool

Figure 3 shows the laboratory setup schematically. The chopoad beam from d Sylvania 941
..

laser is cleaned by a spatial filter and expanded to fill the aparture of tha cOllimatlng
inlrror. Tha collimated beam is brought to focus by d turning flat off-aperture focusin
parabola combination. The Snartt” plate is at the focus and Is capsble of thra~ orthogona 1
displacements in the x, y and z directions as it is mcunted on an x-y-r Sta90. The pyro-
elactric vldlcon lens images the pupil (which contains the Sm8rtt intarferogrnm) onto the
vidlcon and the resultant video signal is displayed tn real time on the monitor and the
video cassette recorder is used to record the results for latar analySiS. It should be
pointed out that the turning flat and the focusing parabola ustsd in this experiment are
identical to the corresponding eIements In the Hellos C02 Laser Fusion System and the lab-
oratory setup duplicates the target chamber geometry of one of the eight beams In the Hellos
C02 Laser Fusion System. Figure 4 shows a photograph of the actual laboratory SetUP.

For beams with very little aberrations, the Smartt interferometer produces circular dark
and white fringes in and out of focus, and straight line frfnges when the lnterfOrOMetOr iS
in the focal plane but ~ith tilt introduced in the x or y directions. Consequently, It Is
tamptlng to try to locats the posttion of the null fringes to locate focus. The problem of
locating the proper focus IS equivalent to determining the location of 6 Point In sPace and
hence the error in locating It along z axis can be considered a focus error and alOng the x
and y axes as the pointing error. However, in practice, it fs very difficult to PlnPOint
the location of the null fringe along the z axis (as the appearance in the monitor does nOt
change very much over a range of ~ 150 microns along the z axis) and this difficulty com-
plicates the prablem of the pointing also.

There Is an intere~tlng solutlez to this dl lamma, which appears to result in a Situation
where the accuracy Is limited only by the inaccuracies in the x-y-z stage (like backlash,
et:. ). The Iocdtlon of the focal plane is accomplished in tho following way: as shown in
Figure 5, If we introduce a tilt in the y direction nearly vertical fringes are obtained and
if we now move the Smartt plata in the + z direction, circular frlngeS of opposite curva-
tures are obtained. Thus the location or the focal plana can be obtained iteratively. In
practice, in real time, (as the Smertt plate 1s moved along the z axis), it was aasy to de-
tect the change in curvature to within ~ 15 microns. Having located the focsl Plane thus,
a deliberate tilt is introduced in the + y direction. (The same argwsent applies to a tilt
in the - y direction. ) As shown In Figure 6, the shape of the strafght llne fringes is in
opposite directions across the focal plane.** [n real time, it was easy to get to the
proper pointing to within ~ 12.5 mtcrons. Figure 7 shows the appearance of thO fringe
pattarn when a deliberate tilt is introduced in the x direction. Figures 3-10 show the
actual fringes obtainad in the laboratory. It should be polntad out that when the
experiment is actually done In the laboratory, when all the motions are taking place In a
dynamic fashion, the changes in curvature and the changes in shape of the fringOs are
observed @lth greater sensltiwity than when the static photograph is taken.

Thus, with good beams, this tachnlque appears to easily meet the focusing alignments for
large Iasar systems. He deliberately introduced aberrations in the beam (roughly 2 wave-
lengths ,oeak.to-valley, consisting of astigmatism, coma and spherical aberrations) and ver-
ified that the above tachnique for alignment worked well. The additional complexity intro-
duced with aberratad beam: (especially with large aberrations), has to do with the fact that
the choice of the proper plane depends on both the types of aberrations in the beam and what
the optimum c?iterid for the focal plane is (this depends on the application), [t is in this
F9gard that this tachnique appears to have definfte advantages over indire t techniques like
the autocollimat:ng technique commonly referred to as the Hartusann method, 5 where it is not
Possible t~ quantify the types of aberrations or predict quantities like the Strebl ratio,
sncirc led energy, etc. The automatic feature of this techniquu is that dn interferogram is
obtained and this can be rsduced to pr vlde the parsmetors of intOre t, uStng techniques de-
scribed in other articles by J. Loomis

%“”K” “iswanathaneta’”3 ‘nthisconnect’”n’it is worth pointing out that KOliOpOIOUS !5 has shown that when the diameter of the Smartt
pinholes ts less than half of the Airy disc diametar produced by an unaberr~ted beam, the
refgrence beam in the Smartt interferometer contributes negliglb;e aberrations of its own.

** :+er~ a daltber~te tilt Pas introduced in the y direction and the Smartt ?latO was moved
in :he + x direction,

:5 figures 5 through 7, reading f?om top to bottom, the motion starts In the posftlve
clrac:ion, goes through focus ~nd on to the negative direction along the z, x, and y axes
r?soectively,

“:fiFigure 3, the successive differences in displacement are 2.5 mlcrOn4 dnd in Figures 3
dnd 10, the succasslve di?frsction in dlspldcement sra 12,5 microns. The tile vdlue for Ill
these figures is 100 microns.
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Exoarimontal Com9arlsons 00twoen Hartmann Sch@me and Sflartt Int@rferometor Alignment
achnlau~

He triad both method; with a good boas in an Identical laboratory set,lp described previ-
ously. He found that we could locate the focus to + 15 microns and the pointing to ~ 12.5
microns for the Saartt tachnique. rhe correspondl;g numbers we Obtalnad for the Hartmann
technique were: + 150 derons for focus and S microns for pointing.

\Laser System, I. ~iberaan and R. F. Benjamlnl
In the Hellos CO

obtained an average pointing error of 3i
microns.

$oncluslon~

1. The allgnment technique described abcve using the infyarad Smartt interferometer
shows promise of meeting the focusing and polntlng accuracies needed In large laser systsms
ilk; the CO laser fusion sysuems.

The ?echnlque shows promise of easy application to sltua:ions where there Is a nead
to pi!nt and focus different b~ams (in multiple beam laser systems), at different locations
In ;pace.

The method has definite advantages over indirect techniques in that the optical
Prap;rtles of the beam can be obtained at the focal plane in question.
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